
a green center. The same percentage of 
colorless colonies developed after the 
application of pressure for 2 hours as 
after application for 20 minutes. 

Of the cells streaked on agar plates 
after exposure to 500 atm for 1/2 hour 
or 2 hours, only 1 percent showed color 
mutation, indicating that the phenome- 
non is pressure-dependent though ap- 
parently not time-dependent. Further 
study is required however, before defini- 
tive conclusions can be drawn. Although 
the mutant colonies appeared white on 
agar, they appeared yellow-orange when 
grown in liquid, thus reflecting synthesis 
of carotenoids (10). 

Two additional "pressure" mutants, 
designated PR-2 and PR-3, were iso- 
lated. Mutant PR-2 synthesized about 
twice as much carotenoid as did PR-1 
or PR-3 on the basis of the dry weight 
of the cells. This relationship is based on 
the E l'n (11) value of 2500 for 
B-carotene (12) measured from the ab- 
sorption spectrum of the total carote- 
noids extracted in 95 percent ethanol. 
The carotenoids have not been isolated 
or identified. 

Neither in Cattell's review (13) nor 
in the studies cited by Johnson, Eyring, 
and Polissar (14) are there references 
to pressure-caused mutations. Whether 
the effect reported here is a reflection 
of a chromosomal or cytoplasmic gene 
change cannot be stated with certainty. 
However, there is evidence which sug- 
gests a lack of direct nuclear control 
over chloroplast formation. Further- 
more, several studies show that both 
DNA and RNA are present in chloro- 
plasts (15). Such evidence favors cyto- 
plasmic mutation, rather than chromo- 
genic mutation, as the probable mech- 
anism upon which hydrostatic pressure 
acts. Also, Heden's studies (16) suggest 
that nucleic acids are probably targets 
of hydrostatic pressure. It can be postu- 
lated that pressure acts on a stage of 
chloroplast formation in which there is 
an increase in volume (14) of either 
the structural organelle or some molec- 
ular phase vital to its development. 
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Studies on the effects of a mild re- 
ducing agent on the reactants which 
participate in cytotoxic reactions medi- 
ated by specific antibody and comple- 
ment (C') are described in this report. 
Specifically, we have examined the ef- 
fects of mercaptoethanol (MSH) or the 
effects of MSH and alkylation by iodo- 
acetamide (IA) on C', on its compo- 
nents, on rabbit antibody (A) to the 
boiled stromata of sheep erythrocytes 
(E), and on the cellular intermediate 
products leading to hemolysis. The re- 
action of A with E occurs at discrete 
sites (S) to produce SA (1). 

More than 95 percent of the hemo- 
lytic activity of antiserums prepared 
against boiled stromata of E is due to 
antibody with a molecular weight of 
approximately 10" (/flM- or 19S-globu- 
lin). This rabbit antibody, A, exposed 
to mild reduction loses its ability to 
sensitize E to the hemolytic action of 
C' (2). 

Sources and preparation of guinea 
pig C', E, A, veronal buffers (VBS), 
and low ionic strength buffers, as well 
as methods for preparing cellular inter- 
mediates and for measuring A, C', and 
C' components have been described (3). 
These reagents were treated with two 
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different concentrations of MSH (Table 
1) at 37?C for 30 minutes at pH 7.4. 
Solutions of IA (Table 1) were added, 
where needed, at room temperature. 
During addition of IA the pH was 
maintained between 6 and 8 by adding 
NaOH (0.2 to 0.5M) as needed. Be- 
fore testing for their effects on the 
reagents, MSH and IA were removed 
either by dialysis (for fluid phase re- 
agents) or by centrifuging and washing 
(for reagents bound to cells). 

First the effect of MSH on fluid 
phase C' and its components was in- 
vestigated. When whole guinea pig se- 
rum was exposed to 0.01M MSH, C' 
activity was slightly decreased in some 
experiments, and in others it was un- 
changed. In all cases there was a 
marked increase in C'l activity, and 
in some experiments the C' 1 activity 
was doubled. When treatment by 0.01M 
MSH was followed by addition of IA, 
the activities of both C'l and the C'3 
complex were drastically lowered. These 
losses are thought to account for the 
marked decrease in activity of whole 
C' after treatment with MSH and IA 
(Table 1, lines 1, 2, and 4). When the 
MSH concentration was increased to 
0.05M and IA was not added, both 
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Complement and Hemolytic Antibody: Changes in Their 

Activity Induced by Mercaptoethanol 

Abstract. Cell-bound complement components are not destroyed by mer- 
captoethanol. Destruction of cell-bound hemolytic antibody was prevented by 
cell-bound complement components. In the absence of cells, the complement com- 
ponents C'3 and C'4 were most susceptible to destruction by mercaptoethanol; 
C'1, C'la, and C'2 were most resistant. Mercaptoethanol (.01M) increases C'1 
activity, and this increase is not due to activation of C'1 to C'la. Destruction of 
some components required both mercaptoethanol and iodoacetamide treatment. 
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C'4 and the C'3 complex were inacti- 
vated (Table 1, lines 4 and 5); C'1 was 
still unaffected. When 0.05M MSH was 
followed by IA, C' 1 activity was also 
eliminated (Table 1, line 2). 

In contrast to the behavior of C'I in 
whole serum, the activity of purified, 
activated C'1 (C'l a) is unaffected by 
treatment with 0.01M MSH and is only 
slightly decreased by MSH followed by 
IA (Table 1, line 6). This difference 
in behavior between C'l and C'I a will 
be discussed. 

Both native and purified C'2 are 
equally resistant to MSH (Table 1, 
lines 3, 7, and 8). 

Next, the effects of MSH and IA on 
the cellular intermediates were tested. 
Treatment of E with 0.05M MSH with 
or without IA had no effect on the 
susceptibility of E to lysis by A and C'. 
On the other hand, EA similarly treated 
were not hemolyzed by C' (Table 1, 
line 9). Destruction of A on EA by 
MSH can be prevented by converting 
all SA to SAC'la before treatment with 
MSH. After treatment of EAC'la with 
MSH, C'la can be removed, and the 
product EA is fully susceptible to lysis 
by C' (Table 1, line 11). 

The effect of MSH on EAC'4 (a 
cellular intermediate obtained by re- 
moving C'la from EAC'la,4) was 
tested. The following experiments show 
that the intermediate product SAC'4 is 
resistant to MSH whereas SA on the 
same cell are not. The total number of 
sites per EAC'4 capable of reacting 
with and transferring C'la before treat- 
ment of EAC'4 with MSH was 225 and 
after treatment it was 52 (Table 1, line 
12). To determine whether this de- 
crease was due to destruction of SAC'4 
or SA or both, a portion of EAC'4 
which had been exposed to MSH was 
treated with C'la to convert all sites to 
SAC'la,4. A preparation of EAC'la,4 
was also made from an untreated por- 
tion of EAC'4. These two preparations 
of EAC'la,4 had the same number of 
SAC'4 per cell, for each had the same 
t..ax. (4). From the t ..a. determination, 
the number of SAC'4 per cell was cal- 
culated to be about 60 (Table 1, line 
13). Thus the loss of sites on EAC'4 
capable of transferring C'la must have 
been due to destruction of SA by MSH. 

We have also found that MSH or 
MSH followed by IA has no effect on 
either the decay rate of SAC'4,2a or on 
the reactivity of SAC'4,2a with the C'3 
complex [in the form of C'-EDTA 
(ethylene diaminetetraacetate)] (Table 
1, lines 14 and 15). In addition, the in- 
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Table 1. Effects of MSH (0.01M and 0.05M) and MSH followed by IA (0.01M and 0.05M) on C', 
its components, and on cellular intermediates. The relative titers of C', C'3, and A are expressed in 
reciprocal dilution needed to lyse 50 percent of cells. The rest are expressed in effective molecules 
per cell (M/cell) or in percentage of lysis as indicated. 

0.01M MSH 0.05M MSH 

No. Substance VBS 0.01 0.05M 05M 
Alone 0.01M Al 0.05M IA Alone IA Alone IA IA IA 

1 Whole C'H50 114 78 18 <10 <10 88 
2 C'1 (M/cell) * 4,700 7,010 570 4,540 42 4,900 
3 C'2 (M/cell)* 6,400 7,200 5,114 4,026 1,647 7,600 
4 C'3 (C'EDTA) C'3 HGe,* 750 510 40 5 0 1,000 
5 C'4 (M/cell)*S 17,000 17,400 18,800 420 940 17,500 
6 Purified C'la (M/cell) 30,000 27,400 20,300 24,900 17,800 32,000 
7 Purified C'2 (M/cell) 540 290 290 250 160 545 
8 Purified C'2 (M/cell) 640 550 560 
9 EA (A H,0) 32,000 <2,000 <2,000 31,000 

10 EA + C'2 (A H50) 32,000 <2,000 <2,000 31,000 
11 EAC'la (A H.o) 32,000 26,000 '-3,000 31,000 
12 EAC'4 (total SA/cell in- 

cluding SAC'4) ' 225 52 
13 EAC'4 (total SAC'4/cell)t 60 60 <5 
14 Rate ofdecayofSAC'4,2a, min-1 0.047 0.047 0.047 0.045 
15 EAC'4,2a, % lysis with C'EDTA 77 79 76 75 
16 E*, % lysis 96 88 
* Contained in whole C'. t As determined by the ability of EAC'4 to react with and transfer 
C'la. $ As determined by tmrax measurement (4). 

termediate product E* (stabilized in 
0.09M EDTA) was not affected by 
MSH treatment (Table 1, line 16). 

In contrast, the presence of C'2 dur- 
ing exposure of EA to MSH did not 
protect SA against the destruction of 
MSH (Table 1, line 10). 

Two major points emerge from these 
observations. The first is that C' 1 in 
the native state and partially purified 
C' 1 a differ in their susceptibility to 
MSH. To explain the increase in C'l 
activity by treatment with 0.01M MSH 
we considered the hypothesis that mild 
reduction by MSH may activate C'l 
to C' 1 a. However, some experiments 
indicated that native C' I treated with 
MSH was still in the precursor state. 
Therefore a more likely possibility is 
that treatment with 0.01M MSH re- 
moves an inhibitor which does not play 
a role in the conversion of C'I to C'l a. 

The destruction of C'1 by MSH treat- 
ment followed by IA (this combination 
has little effect on C'la) could mean 
that mild reduction followed by alkyla- 
tion permanently inhibits the conversion 
of C'l to C'la; once activation has 
taken place, bonds in the C'1 molecule 
which can be reduced and alkylated are 
no longer available in the C'1a mole- 
cule. 

The second major point is that the 
susceptibility of A and C' components 
to MSH treatment may change depend- 
ing upon whether the reagents are in 
the fluid phase or are fixed to the cell 
surface. We have shown that C' la 
protects A in the complex SAC'la. We 
have also shown that after fixation of 
C'4 by SAC'la, C'4 is no longer sus- 

ceptible to destruction by 0.05M MSH. 
The observation that EAC'4 treated 
with MSH contained SAC'4 reactive 
with C'la was interpreted to mean that 
both C'4 and A in this complex are 
protected from destruction by MSH. 
This interpretation should be viewed 
with caution since it is conceivable that 
once C'4 is fixed A plays no further role 
in maintaining a hemolytically active 
site. However, until evidence is forth- 
coming to show that C' 1a can react 
with the cell surface in the absence of 
A, we prefer the above interpretation. 
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